ABSTRACT
INTRODUCTION
The design of cans for food storage is a complex matter because it implies, among other aspects, the selection of materials and canning systems that prevent the degradation of the sensorial attributes of foods /1-5/.
It is well known that in order to achieve an optimal quality degree in a canned food product, three necessary factors must be consistent: adequate processing of the product, definition of the preserving method, and a correct alloy for the deposit 16,11.
According to the food pH, a higher or lower aggressiveness against the container materials can be observed, which can lead to degradation and loss of their useful life, changing the original features of the food they are intended to preserve. The canned products make contact with the tinplate, consequently forming galvanic cells and establishing a current passage, whose direction and intensity depend on the physico-chemical characteristics of the food/can system. Particularly, both traditional and tin-free steel (TFS) or ECCS plates are surface protected with polymer coatings, whether sanitary lacquers or co-extruded copolymers, which act as a protection barrier in order to prevent physicochemical interactions between the food and substrates of the container /8-10/.
From the environmental point of view, the advantage of TFS or ECCS plates coated with co-rolled polymers is that there is no emission of solvents before and after the co-extrusion process, unlike traditional epoxyphenolic-coated tinplates. For this purpose, samples of tinplates were tested in a specially-designed sealed device to determine the metal degradation through ionic dissolutions and microstructural characterization by electron microscopy.
This made it possible to determine the deterioration mechanisms for the different types of tinplates analyzed, the performance, and quality of protection coatings for the tested media.
Given the great variability in composition, physicochemical features, and organoleptic qualities of foods, it becomes extremely difficult to find an ideal container useful for all types of canning purposes
The traditional tinplate is coated with two types of coatings to provide protection: aluminum-and goldplating (ALT, GLT), whereas the ECCS plate is coated with a co-rolled film composed by a co-extruded polyethylene teraphthalate copolymer (PET) deposited on the metal surface.
Tinplate samples 11,5-mm in diameter were placed in a nitrogen-saturated sealed system and immersed in a 0.1 Μ acetic-acetate solution (representative of sea-food products), pH 3.85, to evaluate the degradation of the samples, at time zero and every three months, during the 1 -year trial period.
The ionic dissolution analyses of the immersed tinplates were performed by atomic absorption spectroscopy. On the other hand, the determination of the layer continuity both of lacquered and co-rolled polymer coatings was made by means of electrolytic trials using 1.5% sodium chloride and 1% acetic acid solutions, applying a constant current potential of 6.5 V for 25 min.
Readings of the current intensities representing the direct interaction between the electrolytic medium and /11,12/. Therefore, it is important to be aware of the existence of multifunctional materials such as co-rolled plates as opposed to traditional lacquered materials, in order to assure the stability in time of the original properties of canned foods /13/.
MATERIALS AND METHODS
The working materials employed included a traditional electrolytic tinplate and a tin-free, electrolytic chrome-coated steel (ECCS) plate, whose chemical compositions are shown in Table 1 .
the base metal, which is facilitated by the presence of pores or discontinuities on the polymer coating, were made at the end of the trial period.
Measurements of porosity were carried out by gas adsorption techniques in a BET device (BrunauerEmmett-Teller). For this purpose 7-mm diameter epoxyphenol-coated disks and ECCS plates co-rolled with PET were cut and analyzed to determine the type of isotherms and the size and volume of pores of both platings.
Lacquer defects, such as an excessive porosity, permeability, or lack of adhesion during its application, lead to a poor insulating capacity of the tinplates to the medium.
The structural characterization and degradation of the tested samples in the trials were characterised by scanning electron microscopy (SEM). Until the third month of the testing period, the dissolutions were very similar; however, after this time the gold-lacquered tinplate Sn 2+ dissolution increased notably. This is a consequence of the anodic role of the FeSn 2 and free-tin substrates, which are constituent parts of tinplates aimed at protecting the base steel, which in turn provides the necessary rigidity and mechanical resistance to containers 13/.
RESULTS
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6.00 The results of the porosity trials carried out on epoxyphenolic and PET co-rolled ECCS tinplates, to evaluate the presence of pores that facilitate the physicochemical interactions at an interface level, are described in Figure 3 . 
CONCLUSIONS
From the results obtained during this trial period, which evaluated the degradation of epoxyphenolic and ECCS plates, the following conclusions can be drawn:
1. The traditional epoxyphenolic tinplates exhibited a greater susceptibility to corrosion than PET corolled ECCS plates in the acetic-acetate medium.
The characterization of the degradation on polymercoated tinplates is in good agreement with the ionic dissolutions that occurred, the results of the porosity trials, the magnitude of the damage observed, and the existence of pores that facilitate the electrochemical interactions at the interface level, all of which confirmed the better performance to corrosion of the PET co-rolled ECCS plates when compared to the lacquered tinplates in the aceticacetate medium.
2. The surface of PET co-rolled plates showed lower porosity than epoxyphenolic coatings, controlling the occurrence of active sites at the interface level which originate corrosion processes on tinplates.
The porosity of epoxyphenolic lacquers increased in time, unlike the PET co-rolling which did not show a substantial increase.
